In this paper, we propose an automatic retrieval method that addresses the problem of finding similar trademark images from a database when compared with an input. Our method is based on evaluating the compatibility of relative relations among extracted image contour segments between the input and the registered images using relaxation matching. The overall compatibility, after finding a best matching configuration between contour segments of the input and each registered image, provides the basis for a distance metric used in similarity ranking. Experiments were carried out on 300 randomly selected trademark images obtained from the Japan Patent Office's website for performance evaluation. The applicability of our method, however, is not limited to trademark retrieval but can be extended to other applications having the need for image similarity matching.
Introduction

Problem setting
Trademarks are specially designed marks that identify and distinguish the source of goods or services of one party from those of others. A trademark could take the form of a word, phrase, symbol or design, or a combination of these. To be used exclusively, a trademark must be registered, usually via a government agency.
With the growing number of registered trademarks, the burden placed on huma n trademark examiners become heavier. Not only did it incur a lengthy examination process before a trademark could be registered, but also potential infringements escaping detection caused by human errors in the examination process.
To assist potential t rademark applicants in comparing their designs before submitting their applications, the United States Patent and Trademarks Office (USTPO) and the Japan Patent Office (JPO) have made their databases of trademark information available online through their Internet websites, while the Industry Canada (IC) offers a charged service that searches through records of registered company names, trademarks, and business names.
At present, the search is mainly limited to keywords that represent indexed information associated with the registered trademarks. However, retrieval by comparing the similarity of a potential trademark design with those in the databases is not yet available from any of these three agencies.
Proposed method
Different attempts on applying "content-based image retrieval " techniques to trademark similarity retrieval were reported in the literatures (Cortelazzo et al., 1994 , Mehtre et al., 1998 , Jain et al., 1998 , Kim et al., 1998 . A major difference between these efforts is in the choice of image features for similarity comparison based on a distance metric.
In this paper, we focused on shape because it is a visually salient feature, supported by evidences from research on human visual cognition as pointed out in Pinker (1984) . Specifically, our method is based on evaluating the compatibility of relative relations among extracted image contour segments between the input and the registered images using relaxation matching (Rosenfeld et al., 1976) . The overall compatibility, after finding a bes t matching configuration between contour segments of the input and each registered image, provides the basis for a distance metric used in similarity ranking.
Extraction of image contour segments is performed via a multi-stage joint points extraction algorithm based on the Fluency functions as presented in Haruki et al. (1993) . Fluency functions are characterized by a parameter m that determines the degree and the times of continuous differentiability of these functions. They are piecewise polynomials of degree ( m-1) with only ( m-2) times continuous differentiability.
For m=3, they resemble equispaced-knots quadratic B -spline functions. For m=2, they are straight lines, while the family of infinite times continuously differentiable Fluency functions (i.e., m= ) include for example the circular arcs.
Our method was inspired by the success of earlier research on handwritten Japanese Kanji and Hiragana characters recognition using relaxation matching (Toraichi et al., 1990) . However, the novelty of this method lies in the use of the segment "type" information that had not been explored in ours or related research. Earlier methods tended to use only one type of functions for contour segment approximation.
That is, straight lines for polygonal approximation or quadratic piecewise polynomials to approximate the entire contour.
The segment "type" information introduced influence the selection of candidate matched segment pairs between the input and a registered image in the initial pairing stage, as well as the updating of compatibility coefficients during the iterative relaxation matching process via both single and pair-wise segment "type" compatibility enforcements.
The rest of this paper is organized as follows. In Section 2, we briefly describe the multi-stage joint points extraction algorithm based on the Fluency functions. Then, our automatic trademark retrieval method is presented in Section 3. Experimental results are discussed in Section 4, and Section 5 summarizes the paper.
Multi-Stage Joint Points Extraction Algorithm
Algorithm description
This algorithm was initially applied to a function-font generating system to accurately extract joint points at connections between different classes of contour segment in brush-written characters. In this paper, it played the role in determining the most appropriate "type" or class of segment between adjacent joint points.
Taking as input a 123 141 × pixels trademark image that has been through color thresholding and contour extraction, this algorithm automatically determines the joint points in 3 successive stages: (1) extracting joint points by evaluating digital curvature, (2) extracting additional joint points by evaluating curvature of the approximated contour, and (3) removing the redundant joint points.
Output are the coordinates of joint points and a list of segment "type " for the corresponding contour segments. Currently, three types of segment are considered, namely straight line, arc, and 2 nd -degree (i.e., quadratic) piecewise polynomials. Figure 1 shows the joint points on an example trademark image extracted by this algorithm.
Fluency functions
The criterion for choosing the segment "type" is based on an optimal function approximation of the segment by a class of functions known as the Fluency functions (Kamada, Toraichi, and Mori, 1988) . Based on the Fluency Theory proposed by a co-author of this paper, a series of function spaces are defined based on a parameter m that determines both the degree and the times of continuous differentiability of their constituents. In other words, a Fluency function space m S (m=1,2,…,') is spanned by piecewise polynomials of degree (m-1) at most and are continuously differentiable for only (m-2) times. The entirety of these function spaces is assumed to be the Hilbert space L 2 (R). Using this continuous differentiability parameter m, a series of functions spaces connecting the stepwise function space (m=1) to the Fourier's band-limited function space (m=') can be established. As an illust ration, we show below the steps for an optimal function approximation of a contour segment using quadratic (m=3) Fluency functions.
First, a contour segment Our aim is to derive this pair of Fluency functions through satisfying the following least square rule:
The dimension n of these Fluency functions is initially two and is increased by one until convergence is attained. The coefficients cxk and cyk of these Fluency functions are determined by solving the following pair of normal equations:
The criteria of convergence is defined by
Optimal function approximation of contour segments between adjacent joint points is an important pre-requisite for Stage (2) of our joint points extraction algorithm. The segment "type" information obtained is used in the relaxation matching process between an input and a registered image that we will discuss in the next section.
Trademark Retrieval by Relaxation Matching
Constructing "segment" feature vectors
Prior to the "pairing of candidate segments" and the "relaxation matching" process that eventually computes the distance between the input and a registered image for use in similarity ranking, a set of "segment" feature vectors for the input is constructed based on the output from the joint points extraction algorithm described above. All registered images in the database have been processed in a similar fashion, and are ready for comparison.
Data elements of a "segment" feature vector include a pair of start and end points for the segment in x-y coordinates, the length of the segment in pixels, a pair of start 1/3 and end 1/3 gradients for the segment, a list of neighboring segments for each of the start and the end point respectively, and the optimal segment "type ".
The start 1/3 gradient is determined by the vector connecting the start point to the first ternary point of the segment, while the end 1/3 gradient is by the vector connecting the second ternary point to the end point. Moreover, the list of "start " neighboring segments is constructed from a maximum of four segments that have their end points closest to the start point of this segment. The list of "end" neighboring segments is obtained likewise. As an illustration, the set of "segment" feature vectors of a trademark image is represented as follow: are the lists of "start" and "end" neighboring segments, and Ti is the newly introduced segment "type ".
Pairing of candidate segments
Input are two sets of "segment" feature vectors, one for the input and the other for the registered image being compared. Using this information, candidates for matched segment pair between the input and the registered image are selected. As an example, the pair (i,k) representing segment i of the input and segment k of the registered image is selected as a candidate matched segment pair if the following conditions are satisfied:
(5)
where C 1 = 0.1 and C 2 = 15 are determined by experiments. The last condition involving segment "type" matching is a strong condition that results in a smaller set of candidate matched segment pairs for the relaxation matching process. Experiments are conducted with and without enforcing this condition for comparative evaluation.
Relaxation matching
Based on the set of candidate matched segment pairs and their details, our method computes the distance between the input and each registered image in the following way.
The initial probability ) 0 ( ) (k i P that represents the likelihood of the pair (i,k) is evaluated by
(6) where 1 . 0 1 = W is the weight assigned to the difference in length between i and k, and
is an offset that has the effect of ignoring the small difference in this feature.
After the initial probabilities are computed, a global corresponding between the input and the registered image is sought. If the input segment i is corresponded with the registered segment k, while the input segment j is corresponded with the registered segment l that is a neighbor of i, then the compatibility coefficient
with respect to the start point is determined as follow:
Here, with respect to the end point is determined likewise. Next, the probability Pi(k) for each segment pair (i,k) is updated using the compatibility coefficients by
By repeating the above operation until convergence, the probability P i(k) for each segment pair (i,k) is renewed based on both local and global correspondences between the input and the registered image. For each pair (i,k), the segment k that maximizes P i(k) is denoted as the "corresponded" segment <k>. Once all the "corresponded" segments have been determined, the distance between the input and the registered image is computed based on the following distance metric, 
where ' i L and ' k L are lengths of the "non-corresponded" segments i ' and k ' of the input and the registered image.
Experimental Results and Discussions
Experiments were performed on a database of 300 randomly selected trademark images (each 123 141 × pixels) obtained from the Japan Patent Office's website for performance evaluation. Ten of them were selected as test images. To verify the effectiveness of our method, several types of "noises " were introduced to create variants of the test images. These include rotating, shearing, pixel shifting, shrinking, and adding/removing joint points from the image.
We have implemented and tested our retrieval method on a PentiumII 400MHz PC with 64MB memory.
The software was written in C, while the module for the multi-stage joint points extraction was borrowed from earlier research developed in C++. Without any initial training, our method retrieved the 10 most similar images for a test image in 2.40 seconds on the average. Figure 2 shows the result for one of the test images.
A choice of using or "not using" the "type" information was given. We observed that by using this information, images became farther apart from one another as indicated by the distances computed ( Figure 2) . Moreover, the number of "non-corresponded" segments also increased as a result.
Conclusions
Retrieval of similar trademark images from a database by exploring local and global correspondences on image contour segments using relaxation matching is proposed. The effectiveness of our method is verified by retrieving the 10 most similar images for a set of test images based on a distance metric. By using the segment "type" information, we observed a consistent decrease in the number of segments to be matched, thus reducing computation, while the distance separating images increases. Our method is beneficial to other applications having the need for similarity matching.
